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THE SHOCK HUGONIOT OF 316 SS AND
SOUND VELOCITY MEASUREMENTS*

K. S. Hixson, R. G. McQueen, and J. N. Litz
Los Alamos National Laboratory
Loz Alamos, NM 87545 USA

ABSTRACT

Ty pe 1¢ stainless steel has been charaeterized for its high-pressure, shock: wave response, Mea
surcinents have been made of shock wave and particle velocity, and of sound yelocity. Our pre
liminary results for shock and particle velocity have been combined with previously unpublished
results, and an overall fit made, Sound velocity results show adiscontinuity that is attributed Lo

shock induced melting,

INT'RODUCTION

Accurate high pressure, shock wave ditn are important for novariety of reasons, Such
datav can provide high pressure standards, ean aid in modeling material hehavior, and ean
be used to detect hipgh pressure phenomena, such as melting. For the above applications
ik it important to have accurite Hugoniot data, It is possible to reducee such data Lo room

tempetatine isotherms,' providing vaduable compagisons with static results,

Shock wave compression experiments were performed on type 316 stainless steel in order
to characterize it na an impactor maderial. For this matenad to be useful in experiments
measuring, zound apeeds, the relea: e wave veloeitios were wso mensuced, T'ype 316 stainlens
steel iz an attractive impactor material heeanse it ean be aceelerated to high veloeition using,

hipgh explogives Leelmigues.

EXPERIMENTAL DFTAILS

s g

Ty pe HG stainless steel is aniron allay with the followsng, minor compone nts: - - 08% ¢,
PN, 1% i 16 IR% ey 1O 14% Ni oand 2 3% Mo, aceonding, (o the Metals
Handbook ™ Avernpe sample density was taken to be 596 pafee with o few tenthe of
A pereent sealtee from mnple to sample P'wo complementaay experimental technegque

were nned for this wanly



Hugoniot Measurements

Target sscinblies consist of circular step targets with sell-shorting shock-arrival pins
at two thicknesses, and at the cenler. ‘This combination of pins allows ilyer bow aud
tilt correetions to be made.? Data were taken using the two-stage, light-gas gun facility
&t the Los Alimos National Laboratory. This gun is éapable of aceelerating impacton
to velocities between 3.5 8 kin/s. All eaperiments were done using, synunetrie impacts.
Lmpactor veloeities were measured bhoth with o flash x-ray system, allowing o best-case
acceuracy of 0.1%, and o time intervad system with best case acoorey of 0.5%. The arrival
pin teclmique for measuring, shock velocities is quite acenrate (- 1%) if all pins funetion

reliably. All experiments shown here had all thirteen ping working correetly.

Qur new Hugoniof data for 316 stainless steel are shown in Figure 1. Also shown in
Figure 1 are older unpublished Hapgomot data using: high explosive technigues. The hest

overall it to the data o Figure 1 s piven by:

u,  Lbvlu, | 4464 (1)
for 054 upr B3 mm/ps

The lenst s res fit of the data is 0.56%, with a worst case deviation of LGO%. There
i clll aoueed ) extend Wi data to bipher pressure; this work s in propaess, In Fipore 2

the Hupgoniot curve is plotted in the pressure vohume plane.

Sound Velocily Measurements

Sound velocities ae measured using, a varefaction overtake techimaue.? ‘UChis method in
volve: wiing, thin impactors to jotroduaee a0 *shopt shoek™ inta Lthe tapel. T'he shoek wave
in the Gupet i followed by arelease that eventually overtahes it and reduees pressane,
The overtahe pomt s determined veing, an optical technigoe for seveal Garget thicknesse.,
allowing, sonnd veloeity behind the shock to be ealeulited  This technigque is quite acen
tate allowing, sonnd velovity (o he determined to better than 1% for best, eane condition:.
Thews experiments were petformed uning, both the fwo stape g pan facihty mentened
above, and wang, explosively diiven flyer plate teelinigue:. Where data talen silh Chese
two complementany teclimgues. ovetlip, they appes 1o well within expevimental enon s
pesunents done with explozives allow muach Liper duoaneter Gagpel acccanblhen For thee
expenmnents Y inel diameten flyer plates were ned Thiccallow s peeater Gopet thick e,

i proeeanle with fwoataee paccman Gapeet The Bied Hoeonet, Foo (1), hae been aasd



in the sound veloeily calculations.

Our results for sound veloeity are shown in Figure 3, plotted aguinst density.  There
are two linear segments with a sound veloeity discontinuity occurring at. p ~12 g/ee.
This corresponds to a pressure of aboui 227 (G, and is prestunably due to melting:. Also
shown in Figure 2 is a enleulated bulk souwd velocity éu ve, which agrees well with the
data above p: 12 gn/ee. Bulk sound velocities were caleulated using the py  constant

assumplion, aud an initiad g of 2.17.

For pure iron, Brown and MeQueen® observed two breaks in the sound veloeily enrve,
corresponding, to a solid solid transition, and melting.  The one break observed in the
sound velocity curve for 316 stainless steel falis in between the two brenks that-were seen
in pure iron in presoure.. However, the stainless sound veloeity break and the first. break
i the iron curve oceur al very neir the same density, This may be coineidenes, sinee all
indications are that the one observed hreak in the stainless sound veloeity eurve is ielting,.
Thiz interpretation should be comsidered to be preliminary, and work is ongoiug, on this

Linear fits have heen made o the two obsierved brancehes of Lthe sbidnless steel sound

velocwy density curve, "The lower pressare (solid) repion is best fit by

e 09%8p LA ()

with an averape deviation of O.71%, for 10069 - p + TLED pinfee, sand with e in hin/s,

The higher prezznee (liquid) repion is best it by

¢ l. |.'l:lll B I .7 B (1)

with e averape devedion of 39%, for 1196 p - 100 pimfee, and with ¢ in hin/

The melting, pont we obearve for 316 stmnless s qualitatively consintent with the room
presoure meltmg, beliavior when companed o that of pore non, “Phe melting, pomt of non
it i Gahen s ISR, el ted of 216G sGinbes. s conzaderably lower, piven by the
Metals ondbook o 16 1783 K



DiSCUSSION

New data hiave been obtained for shock and particle velocity in type 316 stainless steel.
Symuetrie impacts were obtained using a higl. pedformance, two-stage gas gun, allowing
accurate measurements to be made of impactor velocity, aud shock velocity corrected for

impactor bow and tilt. )

Sound veloeitios hiwe heen measured over i wide pressure rangge using an opticad anadyzer
technique. Results show o linear variation of sound velocity wilth density followed by a
discontinuity in sound veloaity at 227 GPa. After the drop in sound velocity at 227 (G,
sowi] velocity again inereises linearly with density, but with acdifferent slope than observed
in the lower pressure range. We interpret Lhis sudden drop in sound velocity at 227 GPa
to be the onset of melting. T is supported by the agreement of the upper segmene of

our ¢ p plot with caleulated bulk sound velocities,

Type 316 stainless was characterized for sound veloeity in order to use it as an ilpactor
miderial for other experiments. W appesvs that it will be able to replace pure iron for
thiz wse, elfectively filling, this shock - impedance vidue, bul avoiding the solid solid phase
transition present in dron.  aving a simple sound veloeity behavior with pressure i a
desirable feature for an fmpacton wied in sound velocity experiments,
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